Abstract
Results
Ulnar nerve was clinically palpable in 19 of the 30 arms of patients. Motor and sensory nerve conduction studies of the ulnar nerve showed a reduced compound motor action potential and sensory nerve action potential amplitude in all patients. Motor Conduction Velocity (MCV) in patients were slower in comparison to controls, especially at the elbow and upper arm, but unable to exactly locate the site of the lesion. In comparison to controls the ulnar nerveCSA was larger in the whole arm in patients and quite specific the maximum enlargement was seen between nulnar sulcus and axilla, peaking at four centimeters above the sulcus.
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Introduction
High-resolution ultrasonography (HRUS) is a new imaging technique to assess morphology of the peripheral nerves [1] . It has a definite role in mononeuropathies in which it complements electrophysiology [2, 3] . The most important sonographic parameter is nerve cross sectional area (CSA). Additional parameters include nerve echogenicity, vascularity and fascicular architecture. Nerve enlargement is present in several types of polyneuropathies, such as hereditary motor sensory polyneuropathy (HMSN), chronic demyelinating inflammatory polyneuropathy (CIDP), multifocal motor neuropathy (MMN), hereditary neuropathy with liability to pressure palsy (HNPP), and also in leprosy [4] . For clinicians it is important to differentiate between these diseases. Leprosy is a chronic infectious disease caused by Mycobacterium leprae which primarily involves the skin and nerves. Nerve involvement affects sensory, motor and autonomic function of peripheral nerves [5] . Primary neuritic leprosy (PNL) is a rare variant without apparent skin lesions. It carries the highest risk of deformity, often due to late recognition [6] . Nerve involvement affects sensory, motor and autonomic function of peripheral nerves. Some nerve involvement may be seen in all types of leprosy, but leprosy reactions are the main cause of severe morbidity and can cause acute neuritis which requires immediate treatment. Nerve impairment is reversible if recognized early and treated promptly [7] . Hence, the most important goal in the management of leprosy is early detection of nerve impairment.
Currently, nerve assessment in leprosy relies mainly on clinical palpation of the nerve for nerve enlargement and on nerve conduction studies [8, 9] , but these techniques, have limitations and may therefore lead to treatment delay. HRUS is an additional technique that could reduce delay in diagnosis of leprosy and of presence of leprosy reactions.In our earlier paper on Hansen's neuropathy with electrophysiological correlations we found inverse correlation between CSA of the ulnar nerve above the elbow with Compound Motor Action Potential (CMAP), MCV across the elbow and motor weakness [10] . In other studies Color Doppler (CD) imaging of the nerves showed increased vascularization in reactions probably indicating inflammation, [11] and a study by Jain et al [12] showed that sonography is more capable to detect early nerve enlargement than clinical palpation. Chaduvula et al followed patients with Hansen's neuropathy for two years with HRUS. They found that the nerve size and endoneural blood flow reduced in follow-up studies in patients with reactions and who were on treatment [13] .
As nerve enlargement is also encountered in several other types of peripheral neuropathies the present study was designed to investigate whether there is specific pattern of ulnar nerve enlargement in neuropathy due to leprosy.
Methodology

Ethics statement
The study was approved by Institutional ethics committee, Rajarajeshwari Medical College and Hospital, Bangalore and all participants gave written informed consent.
Participants
Eighteen patients (thirty arms) with Hansen's disease classified as per Ridley and Jopling [14] classification were included. The diagnosis of leprosy was based on examination of skin patches and skin biopsy. All patients were given appropriate treatment as required based on a standard treatment protocol. For comparison thirty healthy volunteers were included. Mean age was thirty seven years and 83% were males. For normative data we recruited employees of hospital and students from the medical college. All volunteers were informed about the study and written consent was obtained. They were screened for any symptoms and signs of peripheral neuropathy. Detailed history was taken to look for any underlying history of metabolic disorders, infections and family history of neuropathy.
Clinical examinations
All patients underwent clinical examination to assess ulnar nerve (UN) function. Patients were screened for current symptoms of lesions of the UN, i.e. numbness and paresthesia of the fourth and fifth digits of the hand, medial elbow pain, atrophy, weakness or clumsiness of the hand muscles innervated by the ulnar nerve.
Sensory testing was performed using Semmes-Weinstein monofilaments (SW). Sensory loss was considered to be present if patients were unable to perceive 2 grams of target force on the hand by SW filaments.
Motor strength of the first dorsal interosseous (FDI) and abductor digiti minimi (ADM) was tested with use of the Medical Research Council (MRC) rating scale. Muscle weakness was considered to be present when the MRC score was 4 or less.
HRUS
HRUS of the UN was performed with Philips ultrasound machine 5-17 MHz linear array transducer by a single investigator blinded to the clinical diagnosis and results of clinical examination. Both cases and controls underwent sonographic assessment of the ulnar nerve. The ulnar nerve was traced from the wrist till the axilla with subjects in supine position and the elbow flexed at 70˚. Cross-sectional area (CSA) of the nerve was determined within the inner margin of the hyper echoic rim.
CSA of the UN was obtained from the wrist and every two centimeters (cm) proximal from the wrist over a distance of eight cm; U1 to U4 representing every two cm from the wrist. Measurement was then performed at ulnar sulcus and from there every two cm proximal to sulcus; U5 and U6 and at axilla (U7).
CSA of upper, middle and lower trunks of the brachial plexus was measured on the side of the examined limb for both cases and controls. Normative data of CSA of ulnar nerve has been published in our earlier paper [15] .
To determine vascularization Color Doppler (CD) setting were chosen to optimize identification of weak signals from vessels with slow velocity. The PRF (Pulse Repetition Frequency) used was 1 kHz and the band filter was set at 50 Hz. The presence of blood flow signals in epineural plexus or endoneural vessels would indicate hypervascularity of the nerve during CD imaging.
Electrophysiology. All cases and controls underwent standardized nerve conduction studies of ulnar nerve as per the guidelines of the American Association of Neuromuscular &Electro diagnostic Medicine (AANEM).Details of the nerve conduction studies protocol have been described in our earlier paper on normative data for CSA of ulnar nerves [15] .
Statistical analysis
Statistical analysis was conducted with use of SPSS20.0, IBM Corporation. NerveCSA, CMAP, MCV, SNAP, SNCL and DSL were treated as outcome variables while demographic and clinical data were treated as co-variables. All outcome variables were log-transformed to approximate normal distribution as variables were skewed and to be used for inferential statistics. Co-relation of continuous co-variables with outcome variables was tested using Pearson correlation test while relation of categorical co-variables with outcome variables was tested using multivariate general linear models. Difference in means of nerve CSA and electrophysiological variables between cases and controls was tested using independent sample't' test. Bonferroni's correction was applied as difference in means was tested on repeated measures on the same limb. Association between electrophysiology measures and cross sectional area of nerve in patients and controls was tested using linear regression analysis. Difference between lower 95% confidence limit (95% CL) of higher means and higher 95% CL of lower means was estimated for all significantly different means to identify the largest point(s) of difference between two groups. Means of cases and controls with 95% confidence interval (95% CI) for nerve CSA and nerve conduction measurements were plotted graphically to identify patterns of variation. Statistical results with p value less than 0.05 were considered significant.
Results
Eighteen patients (thirty arms) with Hansen's disease with mean age 37.6± 12.3 years, range 24 to 70 years were included in the study. Eighty six percent of patients were male and 66% were classified as having borderline tuberculoid (BT), 27% lepromatous leprosy (LL), and 7% midborderline (BB) leprosy. On clinical examination motor weakness of ADM and FDI (MRC grade less than 4) was found in 93.3% and reduced sensation in ulnar innervated area in 90%. Ulnar nerve was thickened on palpation in 63.3% of cases. In the thirty age and sex matched controls mean age was 36.97 (±12) years and 83% was male.
Neurophysiology
Two patients did not consent for nerve conduction studies, hence conduction measurements of 26 upper limbs were analyzed. Neurophysiological values of cases and controls are summarized in Table 1 . Mean CMAP (Compound Motor Action Potential) and MCV (Motor Conduction Velocity) of cases were significantly lower than that of controls at all points of measurements. Mean CMAP and mean MCV of cases were lowest at AE (Above elbow) and BE-AE (below elbow-above elbow) respectively (Figs 1 & 2) .Likewise, mean SNAP (sensory nerve action potential) and mean SNCV (sensory nerve conduction velocity) were significantly lower than that of controls (p<0.05). The mean distal motor latency was significantly longer in cases than controls (p<0.05, Table 1 ).
Sonography
All patients underwent nerve ultrasound. Mean CSA of ulnar nerve was significantly higher than that of controls at all points of measurements with a hump between sulcus and axilla, peaking at point U6, which is four centimeters from the sulcus (Fig 3) . Linear regression analysis showed negative association between CSA at U6 and CMAP, MCV and latency measures cases. (Table 2 ). Among cases 67% showed increased vascularity on color Doppler, 53% had moderate and 47% had severe disruption of fascicular architecture.
Discussion
We undertook the present study to look for a specific pattern of ulnar nerve pathology in skin biopsy proven cases of Hansen's by using the standard technique of nerve conduction studies and secondly the imaging of the ulnar nerve by sonography. Motor and sensory nerve conduction studies showed a reduced CMAP and SNAP amplitude in all patients. Motor conduction velocities were slower in comparison to controls, especially at the elbow and upper arm, but with electro diagnostic testing we were unable to exactly locate the site of the lesion. With ultrasound the result was striking as in all of the patients the nerve was enlarged at all levels compared to controls. However, the most significant increase in CSA was observed a few centimeters above the sulcus, while CSA came to near normal values near the axilla (Figs 3 and 4) . Nerve enlargement is not only found in leprosy, but also in other types of (demyelinating) neuropathy. In CMT, and especially CMT1A, diffuse, massive enlargement of all nerves is found [16, 17, 18] , while in HNPP nerve enlargement is mainly found at entrapment sites [19] . In CIDP, nerve enlargement is often to a lesser degree than in CMT, and most often proximal nerve segments are involved [20] . Though nerve enlargement is present in all those conditions, our study showed a unique pattern of enlargement in leprosy, with maximum enlargement proximal to ulnar sulcus. This sonographic feature may therefore be very useful to discriminate leprosy from those other types of neuropathy. One of the challenges in leprosy is pure neuritic type of Hansen's which constitutes 4-18% of leprosy cases. Its uniqueness is absence of skin lesions and therefore diagnosing this condition can be a challenge. Jain et al [21] described a patient of pure neuritic Hansen's affecting the ulnar nerve. Sonography showed similar nerve enlargement as patients with skin lesions, and the diagnosis was confirmed by dorsal ulnar cutaneous nerve biopsy. As PNL shows sonographic nerve enlargement, and our study showed a unique pattern of enlargement, performing sonographic examination in addition to EDX could help the clinicians in diagnosing PNL in patients presenting with ulnar neuropathy without any skin lesions, and could therefore help avoid nerve biopsies in those patients.
Conclusions
A unique pattern of nerve enlargement is noted in all patients with ulnar neuropathy due to Hansen's disease. The enlargement starts at the sulcus and is maximum four centimeters above the medial epicondyle after which it starts reducing. Identifying this unique pattern of nerve enlargement could help in diagnosing pure neuritic type of Hansen's disease where skin lesions are absent and could also help to discriminate Hansen's disease from other neuropathies associated with sonographic nerve enlargement. 
